The incidence of otosclerosis in nonendemic patients is low, and preoperative diagnosis can be challenging. 
Introduction
In 1860, Toynbee first described stapes fixation as a cause of hearing loss in the population. 1 This cause of hearing loss was subsequently named otosclerosis by Politzer in 1893. 2 As it is the most common cause of progressive conductive hearing loss in adults, reports in the literature on the diagnosis, management, and surgical outcome of this condition are abundant. 3 The underlying pathologic processes involved in otosclerosis can affect various parts of the otic capsule, but the fissula ante fenestram is the most commonly involved area. When involved with otosclerosis, this region can appear as a lucency on computed tomography (CT). 4 In the clinical setting, high-resolution CT studies by Marx et al demonstrated a relationship between the degree of otosclerosis on CT and pre/ postoperative pure-tone audiometry findings, which suggests that CT is a potential tool for prognostication, as well. 5 The combination of a normal ear examination and air-bone gap on audiogram with a typical history makes the clinical diagnosis of otosclerosis in endemic regions easy and straightforward. Importantly, the incidence of otosclerosis is significantly lower in various nonendemic populations throughout the world. For example, clinical otosclerosis is particularly rare in ethnicities such as Asians and Africans. 6, 7 Therefore, in nonendemic areas, the clinical diagnosis of otosclerosis may be more challenging as other entities such as middle ear and ossicular pathologies present with proportionately higher frequency. In these populations, the use of CT scans may be helpful to distinguish between these conditions; typical findings on CT in patients with otosclerosis will help to clinch the diagnosis.
ARBOR

IMPORTANT SAFETY INFORMATION
Contraindications
OTOVEL is contraindicated in:
• Patients with known hypersensitivity to fluocinolone acetonide or other corticosteroids, ciprofloxacin or other quinolones, or to any other component of OTOVEL.
• Viral infections of the external ear canal, including varicella and herpes simplex infections and fungal otic infections.
The following Warnings and Precautions have been associated with OTOVEL: Hypersensitivity reactions, potential for microbial overgrowth with prolonged use, and continued or recurrent otorrhea.
The most common adverse reactions are otorrhea, excessive granulation tissue, ear infection, ear pruritis, tympanic membrane disorder, auricular swelling, and balance disorder 
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A previous study looking at otosclerosis in the Japanese population showed good correlation between CT findings and audiometry. 8 Specifically, the authors noted that the incidence of demineralization of the inner ear was significantly less in the Japanese compared with Caucasians, which they attributed to racial differences. This "degree" or "severity" of demineralization has been the subject of recent studies.
Min et al noted that the incidence of positive CT findings in Korean patients with clinical otosclerosis was 73%. 9 This percentage is significantly higher than that demonstrated by previous studies of otosclerosis in ethnic Asians. The authors also assessed the relationship between CT findings and audiometric parameters by evaluating the degree of demineralization using a polygonal region of interest (ROI) program and concluded that the density ratio of hypodense lesions influenced surgical outcomes. However, the extent of hypodense lesions did not correlate with pre-or postoperative hearing levels. This lack of correlation was postulated to be due to the rising incidence of otosclerosis in Asians, which they attributed to changes in lifestyle and diet. 10 The aim of our study was to examine CT findings in patients with otosclerosis within a nonendemic population and their correlation with audiometric findings and surgical outcomes.
Patients and methods
This was a retrospective study involving patients from a tertiary referral center between August 2011 and August 2013. Our study had Institutional Review Board exemption (SingHealth Centralised Institutional Review Board). Inclusion criteria encompassed consecutive patients during the designated study period with surgically confirmed otosclerosis who underwent preoperative high-resolution CT scans and pre-and postoperative audiometry.
Excluded were patients with concomitant comorbidities that could account for temporal bone findings similar to those of otosclerosis (i.e., Paget disease). One patient was subsequently excluded because of a history of Paget disease on further investigation. Seventeen patients were identified after applying our selection criteria.
All patients underwent stapedotomy using an otologic drill system. Pre-and postoperative puretone audiometry was performed in the same facility with air-conduction (AC) and bone-conduction (BC) thresholds, and the air-bone gap (ABG) was recorded. Audiometric data were calculated using the average of 0.5-, 1-, 2-, and 4-kHz thresholds. All patients underwent audiometry within 6 months before surgery to 3 months after.
Preoperative high-resolution CT scans were reviewed by two head and neck radiologists (JG, AK) for the characteristic otosclerotic foci. CT scans were performed using a Siemens SOMATOM Sensation 64 CT scanner, looking at temporal bones with bony reconstruction on noncontrast axial high-resolution CT. Scanner specifications included slice thickness of 0.6 mm, collimation of 0.6 mm, scan interval of 0.4 mm, Kv of 120, and mAs of 250.
The density ratio of the otosclerotic foci was calculated and correlated to pre-and postoperative audiometric parameters. The presence of otosclerotic foci was determined by the visualization of a hypodense lesion on CT by the radiologist. Subsequently, the size of this hypodense area was evaluated using a polygonal ROI program that allowed assessment of its borders in the fissula ante fenestram within an oval ROI.
The density ratio was obtained between the hypodense area of otosclerotic foci in the fissula ante fenestram and a consistent area of the adjacent normal labyrinthine bone, which in our case was the inner portion of the lateral semicircular canal (figure). This ratio was calculated using the following formula:
Density ratio = density of the otosclerotic foci in the fissula ante fenestram/density of normal labyrinthine bone
The demographics of patients were recorded and further stratified according to age, sex, and race, as well as age at diagnosis and duration of disease. For the sake of completeness, an established CT grading system was incorporated into our results and compared against corresponding density ratios, where grade 1 represents solely fenestral lesions; grade 2 represents patchy localized cochlear disease to either basal cochlear turn (grade 2A), middle/apical turns (grade 2B), or both basal and middle/apical turns (grade 2C); and grade 3 represents diffuse confluent involvement of the entire cochlea.
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Results
Sixteen patients were included with a mean age of 46.1 years (range: 27 to 67). From this whole population, 19 ears were operated on and included in our data analysis. The ratio of men to women was 7:9, with a racial distribution of 11 Chinese (68.8%), 1 Malay (6.3%), 3 Indian (18.8%) and 1 Eurasian (6.3%). Mean age at diagnosis was 44.9 years. The mean duration of disease was 44.3 months before surgery was performed.
Pre-and postoperative audiometric data appear in All patients recovered well after surgery, with no postoperative vertigo. None of the patients required revision surgery.
Review of CT scans showed 4 ears (21.1%) with normal CT scans, and hypodense lesions in the remaining 15 ears (78.9%), with the ROI mapped out. These 15 ears had a reduced density ratio of otosclerotic foci to normal labyrinthine bone. The 4 ears with normal CT scans had normal density ratios. No statistically significant correlation was found between the density ratio and any of the audiometric parameters tested, as well as degree of ABG improvement after stapedotomy (p > 0.05).
The CT scans were subsequently graded according to the Symons and Fanning CT grading system for otosclerosis 11 and compared against corresponding density ratios (table 2) , with no statistically significant correlation noted.
Discussion
Previous otologic studies have shown varying results regarding the correlation between radiologic findings and audiometric thresholds in otosclerosis. However, many of these reports examined a primarily Caucasian population in which the diagnosis of otosclerosis is frequently easily reached. The reason, in part, is related to the low incidence of otosclerosis in other races. To our knowledge, this is the first report examining and correlating CT findings with audiometry as well as surgical outcomes in Southeast Asian patients. In histologic studies, Schuknecht and Barber reported no correlation between the degree of otosclerosis and magnitude of sensorineural hearing loss. 12 They also noted that bone conduction thresholds appeared to be unrelated to the size or activity of the otosclerotic lesion. In contrast, de Groot et al showed a positive correlation between otic capsule density and bone conduction thresholds, 13 which was subsequently confirmed by Marx et al. In our study, positive CT findings of hypodense otosclerotic foci were noted in 78.9% of ears compared with 73% noted in Korean otosclerosis and 53.7% noted in Japanese otosclerosis. 8, 9 Our figure is closer to that in studies of Caucasians, likely due to the heterogenicity of an Asian population that included patients of multiple races and ethnicities. Interestingly, of those patients with normal CT findings, a Carhart notch was noted on audiometry in 2 of 4 ears (50%). This finding corroborates the point that early otosclerosis may present solely with audiologic findings.
Furthermore, our results show no relationship between otosclerotic density ratios and audiometric findings and surgical outcomes. The lack of relationship is partially in keeping with Min et al's results, showing no correlation between density ratios and pre-and postoperative hearing thresholds, although they did show an inverse relationship when density ratios were compared with postoperative ABGs. 9 In contrast, Kiyomizu et al showed a good correlation between preoperative CT findings and audiometry. 8 The lack of a relationship in our study can potentially be attributed to the relatively few patients included; however, the pathophysiology of the otosclerotic foci on CT scans has not been fully elucidated and may be a contributing factor.
In a recent retrospective literature review, Wegner et al evaluated the diagnostic value of CT scans in adult patients with a clinical suspicion of otosclerosis, specifically looking at positive and negative post-test probabilities.
14 The positive post-test probability was defined as the probability of the presence of otosclerosis in case of a positive CT scan, whereas the negative post-test probability represented the probability of otosclerosis in case of a negative or normal CT scan.
In most of the studies reviewed by Wegner et al, especially in patient populations with a high prevalence of otosclerosis, the positive and negative post-test probabilities were relatively high, with positive post-test probability being 99% in one of the studies and negative post-test probabilities ranging from 51% to 67%.
14 The subsequent conclusion was that preoperative CT imaging appears to be unnecessary in the diagnosis of otosclerosis, as the prevalence of otosclerosis in patients with a clinical suspicion of the disease generally seems to be high. Furthermore, a normal CT finding may not fully exclude otosclerosis as seen in the high negative post-test probabilities. Nevertheless, the confidence in a diagnosis of otosclerosis is less in a patient from a nonendemic compared with an endemic area.
Interestingly, in the Wegner review, the positive post-test probability for populations with a low prevalence of disease was only 23%. In our study, the rate of positive CT findings was much higher at 78.9%. In addition, the Wegner review showed that patients from nonendemic areas had a much lower negative post-test probability (3%) than populations with a high prevalence of disease.
Apparently, in nonendemic areas, patients with a clinical suspicion of otosclerosis and a negative CT scan will be unlikely to have the disease. However, 21% of patients with negative CT scan features in the current study were found to have otosclerosis. When coupled with our findings of high rates of otosclerosis in nonendemic patients, we can postulate that even though a positive CT scan may not indicate a high probability of a nonendemic patient having otosclerosis, it will likely capture the majority of patients who do have the disease, which can be further evaluated with exploratory tympanotomy. Hence, even though CT imaging may not have a large value in populations endemic for otosclerosis, preoperative CT scans are useful for preoperative diagnosis and planning in nonendemic areas.
Conclusion
The diagnosis of otosclerosis in nonendemic areas can be challenging. Preoperative CT scans are useful when otosclerotic foci are present. In this study, the density ratio of otosclerotic foci did not correlate with audiometric parameters or surgical outcomes. A follow-up study involving a larger patient base from multiple centers within nonendemic areas may be able to further elucidate this relationship.
